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NOZZLE SEAL

This invention relates to aircraft gas turbine engines
and, more particularly, to variable area exhaust nozzles
therefor.

In aircraft gas turbine engines it is often necessary or
desirable to provide a variable area exhaust nozzle to
enhance performance during various modes of engine
operation such as take-off, cruise or climb. Such vari-
able area nozzles generally comprise an annular array
of flaps which are hinged at their upstream or forward
ends and are free to pivot radially in unison at their
downstream ends to permit the desired nozzzle area
variation. In order to prevent fluid leakage through the
nozzle which would result in a thrust and efficiency
loss, a seal is generally provided between the peripher-
ally adjacent flaps, and between the flaps and their sup-
porting structure at the hinge connection.

The interflap seal has in the past been commonly
formed by providing loose spacers that overlap periph-
erally adjacent flaps or by sizing the flaps themselves to
overlap throughout the desired range of flap move-
ment. Such sliding contact seals, however, generally re-
quire precision machined parts and are subject to wear
and some leakage due to normal tolerance variations in
the flaps and spacers. In addition, such sliding seals are
leakage sensitive to any bending or buckling which may
occur during use.

A primary object of this invention, then, is to provide
sealing means for a variable area flap nozzle which is
of simple and economical construction and which
greatly reduces or eliminates seal leakage.

Briefly, the above and other objects, which will be-
come apparent upon reading the following description
of the preferred embodiment, are achieved in the pres-
ent invention by providing an annular band having a
preformed flexible fold or flex loop intermediate the
portion of the band which is secured to the engine sup-
porting structure and the portion of the band which is
secured to the nozzle flaps, to thereby provide a seal at
the flap hinge connection without inhibiting flap move-
ment, together with an axial strip for each pair of adja-
cent flaps. Each strip is secured along its length to its
respective flaps and is formed with a flexible fold or
flex loop which extends between its respective pair of
flaps and is sized and formed so as to permit the desired
flap movement.

While the specification concludes with claims partic-
ularly pointing out and distinctly claiming the subject
matter of this invention, it is believed that the invention
will be better understood upon reading the following
description of the preferred embodiment in conjunc-
tion with the accompanying drawings wherein:

FIG. 1 is a side elevational view of the gas turbine en-
gine embodying the present invention;

FIG. 2 is a partial cross-sectional view, drawn to an
enlarged scale, showing the variable area nozzle of the
engine of FIG. 1,

FIG. 3 is a partial perspective view, in partial section,
showing the variable area nozzle of FIG. 2;

FIG. 4 is a cross-sectional view taken along lines 4—4
of FIG. 3, and

FIG. 5 is an exploded perspective view showing one
embodiment of the present invention.

With reference now to FIG. 1, a turbofan engine has
been shown generally at 10 and includes a core engine
nacelle 12 and a fan duct 14. As will be understood, a
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core engine or gas generator (not shown) and a fan tur-
bine (not shown), both of well-known construction, are
disposed within the nacelle 12 with the fan turbine op-
eratively connected to a fan 16 disposed within the
duct 14. An outlet 18 for the duct 14 is defined inter-
mediate the core nacelle 12 and a variable area nozzle
20 which is secured to the downstream end of the duct
14. As will be understood, in operation air is pressur-
ized by the fan 16 and discharged through outlet 18 to
produce propulsive thrust for the engine 10.

As shown in FIGS. 1 — 3, the variable area nozzle 20
comprises an annular array of generally axially extend-
ing flaps 22 which are hingeably connected, as at 24,
to the duct 14 for pivotal radial inward and outward
movement.

Suitable actuator means 26 are provided to enable
selective positioning of the flaps 22 to increase or de-
crease the cross-sectional flow area of the outlet 18.
The actuator means employed may be widely varied
and may include a plurality of actuators 27, of the pres-
sure-responsive or ball/screw type, which are pivotally
connected between the flaps 22 and the duct 14 as
shown in FIG. 2.

In accordance with the present invention, seal means
for preventing leakage of the fan pressurized air or the
motive fluid at the flap hinge connections 24 and be-
tween peripherally adjacent flaps 22 have been shown
at 28 in FIGS. 2 — § as comprising a circumferential
band 30 and a plurality of generally axially extending
strips 32.

The circumferential band 30 includes a generally
centrally disposed, molded, circumferentially extend-
ing flexible portion or flex loop 34, and is secured on
either side of the flex loop 34 to the duct 14 and the
flaps 22. Likewise, each strip 32 includes a molded or
preformed flexible portion or flex loop 36 which
projects radially outwardly and increases in radial
height to the downstream end 38 of the strip 32.

As best shown in FIGS. 3 and 4, each respective strip
32 is suitably secured along its length to a pair of pe-
ripherally adjacent flaps 22 so that the flex loop 36
projects radially outwardly between the flaps.

The seal means 28 may be conveniently secured to
the aft edge of the duct 14 and the leading and periph-
eral edges of the flaps 22 using variously configured re-
taining strips, as at 40 and 42, which are secured to the
flaps 22 or the duct 14 by suitable fasteners, such as riv-
ets, bolts, or the like, to tightly compress the seal means
against and into sealing abutment with such members.

As will be understood, in application the seal means
28 may take on a variety of configurations. For exam-
ple, while it is preferable that the strips 32 be formed
integrally with the circumferential band 30 as shown in
FIG. 5, they may be formed separately and butted
tightly against the band 30 during installation. Where
the strips 32 are formed integrally with the band 30 it
is preferable that the seal be formed as one continuous
strip. The retaining strips 42 may be formed as U-
sections as shown in FIG. §, as L-sections or simply as
a plurality of straight strips and may be separate from
or molded into the seal means 28.

The seal means 28 may be formed by any suitable
means such as molding using any suitable flexible mate-
rial having the strength and temperature characteristics
which may be required for the application. For exam-
ple, the seal means 28 may be formed using silicone or



